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B e la  lo w  close in a d ia l io n  e ffe U  on p o ly m e lh y lm e lh a c ry la te  (P M M A ) sam ples has hce ii in v e s lig a le d  lo i the f ir s i lim e  w ith  Ihe use 
I is< ,iinM\ A n n i l i i l a l io n  L i r e i i i n c  T e c h n iq u e  (P A L T )  I he o r rh o p o s i im n iu m  (o -P s ) l i le i im e  T3 , c o m p o n e n l. lienee  ils  p a ia n ie ie is .  Ihe  free - 
, L ' i i ’ k  s i/e  (V^  ^ ), the tree  v o lu m e  Ira c lio n  and ihe free p o s iiio n  a n n ih ila lio n  li le i im e  were m easuied and s iud ied  as a lu n c lio n  o f  Bela
ii]i iM ^1) kC .y 
j  h i'i n sh o w n  lh a l T \ , V . and / .  inc rease  w ilh  in c ie a s in g  B e la -d o se , lo  le a ch  a m a x im u iu  pe rce n lag c  in c ic n ie n l o l 19 \ */>< V / i  and
! ii 'p c i i i v c ly  al 0  073  k G y , w hereas T t leaches ihe  m a x im u n i p e ic e n la g c  changes o l 7"  ^ 7 ‘/  al 3 I kC iy
i ; , ' lul ilio sc  closes the va lues l l i ic l i ia tc  up lo  a i i ia x iin u in  Bela-close o l .10 2K kG y  Ih e  le su lis  suggesi lha l B e la - ir ra d ia lio n  induces s iru c lu re  
hn ,.r m P M M A , ca u s in g  d e g ra d a tio n  in  the m a in  cha ins , whereas the p ie s c iu v  o l o xyg en  ( irra d ia tio n  in  a n ) causes re d u c tion  in the am o iphuus 
,, Ml iv in g  a net le d u c h o n  o l the d e g ra d a tio n  y ie ld ,  w h ic h  co n seq u e n tly  a lle c lin g  the va lues o l the above m e n tio ne d  p a ra m e ie is  w ith  respect 
h 11 \a llie s  m case the  i i ia d ia l io n  is p e iT o rin cd  in  va c u iin i
K tw M iid s  Bc'ta i i ia d ia t io n .  P M M A . p o s it io n  l i le i im e
1‘ Vi'S Nus* 7K 70  B |.  61 S2 Pv
1 InUtKJiiction
uion a n n ih ib t l io n  s p c c tn ^ s c o p y  ( P A S )  has b e e n  re c e n tly  
u  lope cl to d c le r m in c  th e  d c ie e l  p ro p e r tie s  a l the a to m ic  le v e l  
I r u lM iid  m a le r ia ls  ( I ). T h e  s e n s it iv ity  o f  P A S  is d u e  to  the  
I va li/a iu m  o rp o s iir o m u in  (P s )  in  those h o le s  ra n g e  Iro m  I A ' ’ to  
 ^ I ’o s iiro n  a n n ih i la t io n  s p e c tro s c o p y  has e m e rg e d  as a 
and p o ic n l p ro b e  fo r  c h a r a c tc r i / in g  th e  fre e  -  v o lu m e  
pi'’lollies ol p o ly m e rs  ( 2 ) .
In IA S  one e m p lo y e d  th e  a n tip a r t ic lc  o f  e le c tro n , th  p o s itro n  
' n ik lca i p ro b e . B e c a u s e  o f  its  p o s it iv e ly  c h a rg e d  n a tu re , the  
P‘*’iiii)[i IS ic p c lle d  b y  th e  io n  c o re s  an d  p re fe r e n t ia l ly  lo c a liz e d  
ilk aiDinic -  s i /c  f rc c -v o lu m e  h o le s  o f  a p o ly m e ric  m a te ria l,
the p o s itro n  a n d  p o s ilr o n iu m  (a  b o u n d  a to m  w h ic h  
^"iisisis ut p o s itro n  a n d  an  e le c t r o n )  a n n ih i la t io n  s ig n a ls  arc  
'"iJMil i(, be c o n tr ib u te d  m a in ly  f r o m  th e  f r e e -v o lu m e  h o le s  in a 
P 'lM nei C u r r e n t ly ,  P A S  h a s  b e e n  m a in ly  d e v e lo p e d  in  
th e  o r t h o - P o s i l r o n iu m  ( o - P s ) ,  a  t r ip le t  s ta te ,  
^^’" ‘-spond iiig  A u lh o r
an n ih ila tio n  life tim e  (P A L )  fo r  p o ly m e ric  ap p lica tions . T h e  results  
lo r  (o -P s )  l i fe t im e  and its p ro b a b il ity  arc le la le d  lo  iV e e -v o lu m e  
h o le  s i /c ,  tra c t io n  an d  d is tr ib u tio n . H x p e r im e n la l (3 ,  4 )  and  
th e o re tic a l e ifo r ls  ( 5 - 7 )  su gges ted  lh a l P A L  is a u n iq u e  p io b e  
w h ic h  c a n  d ir e c t ly  m e a s u re  th e  f r e c -v o lu m e  h o le  s i /e  in  
a m o rp h o u s  p o ly m e rs .
T h e  resu lts  fo r o -P s  life t im e  and its p ro b a b ility , m e re la ted  lo  
f rc c -v o lu m e  h o ld  rad iu s  R  (S ) as .
=  0.5
H . I k R
—  + ( ) .1 5 9 s m ----------
R o  R o
n s , ( 1)
w h e re  R = R o  +  A K  an d  4 /?  = 0 .1 6 5 6  n m , the e le c tro n  la y e r  
th ic k n e s s .
T h e  free  v o lu m e  frac tio n  (/,,) can be expressed  as an  e m p ir ic a l 
e q . ( 9 ) .
(2 )
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w h e re  ( in  nnr^) is th e  fre e  -  v o lu m e  h o le  s i /e  to  be c a lc u la te d ,  
u s in g  th e  s p h e r ic a l ra d iu s  ( R )  f ro m  cq  ( 1 ) ,  ( in  p s ) is th e  
l i f e t im e ,  ( in  % )  is th e  in lc n s ily , an d  A  is a c o n s ta n t, w h ic h  is 
e m p m c a l ly  d e te rm in e d  lo  be (1 -2 )  (n m ^ ')  in so lid  p o ly m e rs
P M M A  IS an a m o rp h o u s  p o ly m e r  th a t u s u a lly  s u rfe rs  fro m  
d e g ra d a t io n  in  th e  s id e  c h a in  (s c is s io n )  by ir ra d ia t io n . O n e  
im p o r ta n t  re s u lt o f  th is  e f fe c t  is its  m o le c u la r  w e ig h t re d u c tio n . 
T h e  n u m b e r  o f  m o le c u le s  p e r u n il m ass is p ro p o r t io n a l to  the  
re c ip ro c a l o l m o le c u la r  w e ig h t (1 0 ,  I I ) .  I t  w as  fo u n d  th a t 6 0 -6 5  
c V  d e p o s ite d  e n e rg y  ( o f  ^'^Co y - r a y )  cau ses  o n e  s c is s io n  in  
F M M A  ( 12 )  at ro o m  le m p e rtu re . I f  the  re c ip ro c a l o f  the  p o ly m e r  
m o le c u la r  w e ig h t  is p lo tte d  a g a in s t the a b s o rb e d  d o s e , th ere  
m u s t be a l in e a r  ie la t io n  (a  s tra ig h t l in e )  o f  a p o s it iv e  s lo p e  
p ro jio r t io n a l lo  th e  r a d ia t io n  e n e rg y  a b s o ib e d  p e r  u n il sc iss io n  
in  the p o ly m e r  c h a in  (1 0 ,  13 ).
I lo  an d  T a b a la  ( 1 4 )  r e p o r te d  th e  p o ly m e i i / a t io n  o f  th e  
( P M M A )  m e th y lm e th a c ry la te  m o n o m e r  u s in g  y -ra y s  ir ra d ia t io n  
by m e a n s  o f  P A J .S . r i ic y  fo u n d  th a t b o th  an d  w e re  
in c ie a s m g  w 'ltli in c re a s in g  the  ab .sorbed  d o s e  up  to  M G y
A I- B a y a t i  an d  C o w o r k e r  ( 1 5 ,  1 6 ) in v e s tig a te d  y - i r r a d ia l io n  
e le c ts  on P M M A  u s in g  P A L S . I'h c y  c o n c lu d e d  th at a re d u c tio n
o f  th e  a m o rp h o u s  re g io n s  o f  P M M A  o c c u r re d  as ihu tlu. 
in c re a s e d  u p  to  8 8 0  K G y .  T h e  re d u c tio n  o f  th e  l i fe t im e  indicated 
th at fre e  v o lu m e  s ize  re d u c tio n  a n d  th e re fo re  th e  expected  c lL  
are  d u e  to  th e  c r o s s - l in k in g , d u e  to  th e  o x y g e n  presence and ih 
in te ra c tio n s  w ith  th e  p e ro x y  ra d ic a ls  at re a c t iv e  sites ol P m m  \  
R u b i l io  e t  a l  ( \ 1 )  h a v e  in v e s t ig a te d  th e  e ffe c ts  o f  y-irradiaii 
o n  P M M A  w ith  a to ta l d o s e  o f  2 (X ) k G y  u s in g  P A L S , as well 
th e  m e c h a n ic a l p ro p e r tie s  o f  th a t p o ly m e r . T h e  free vulurin^  ^
c o n te n t o f  n o n  ir r a d ia te d  an d  th e  ir r a d ia te d  p o ly m e rs  
d e m o n s tra te d  in c re m e n t  as th e  d o s e  in c re a s e d . T h e y  cvplninid  
the  re s u lts  d u e  to  th e  s c is s io n  an d  th e  ra p tu re  o f  the polMn^., 
c h a in s .
2. Experimental and data analysis
T h e  P M M A  s a m p le s  w e re  p re p a re d  in th e  la b o ra to ry , unh  
d ia m e te r  o f  3 2  m m  and th ic k n e s s  o f  I 5  m m .
T h e  s a m p le s  w e re  ir ra d ia te d  in  a ir  a l ro o m  le m p c n u n  h\ 
B e la  -  ir r a d ia t io n  u s in g  a s o u rc e  o f  I C'l aL !i\i!\
( ^ (/D m a x  =  2 .2 8  M e V ) .  T h e  d o s e  ra le  w a s  0  3 0 2  k ( ly  /  h I lk  
i r r a d ia lio n  w a s  p e r fo rm e d  u p  lo  a to ta l d o s e  o f  3 0 .2 8  l^( ]\ ! hi
F i g u r e  A. A b lock  d iag ram  o f  the  exper im en t  setup.
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The corresponding changes in and/  ^arc 39.6% and 37.3%,
respectively. As ^"-dose increases, r , decreases to 2147 ps
positron lifetime measurements were performed using a fast- 
,,low coincidence system (15) Figure A, with a time resolution of 
_,()() ps. The positron source activity was 2.14 uci ^^ Na and the 
t,action of positrons absorbed in the source was found to be 
K*/; ami corrected for it. Also a background radiation was 
loiTccicd for.
The 1 ifetime spectra were measured for each individual dose 
.^iluc with a total integral counts of 0.5 x 10^ . The peak -to- 
buck ground ratio was better than 2200:1. The lifetime spectra 
^^crc analyzed in three-lifetime components using P F P O S F IT  
piogi am (18). The lifetime components, their relative intensities 
ami the parameters of the prompt curve, were simultaneously 
iiiicil The free-volume hole size ( and the free volume fraction 
), were calculated using eqs. (1) and (2), respectively.
F ig u r e  1(a). Bcla-rny irrndiaiion ct'fccis on li rc limc Tj in HMMA 
T a b le  1. T h e  li fe time param eters  o f  / J - - i r r ad ia ted  PM M A  ( T ,  fixed al 172 ps)
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D o s e
(k G y )
^2 (ps) i  (%) t )  (ps) 1, m
( n m ')
Jh
(% )
0 438 ±  21 65 24  ± 1 70 1925 ± 24 8 14 ± 0 2 1 0 0 9 0 6 1 106
0 . 0 7 5 678 ± 61 42 40  ±  2 .40 2296 ± 29 8 ,0 2  ± 0  10 0  1262 1 .519
0 .1  5 1 560  ±  72 24 .3 0  ± 4 .40 2147 ± 30 8 0 0  ± 0  2 0 0.1 1 15 1 338
0 2 2 7 503 ± 22 16.70 ±  0 90 2138 ± 36 7 92 ± 0 28 0  1 106 1 3 1 4
0 5 0 4 617 ± 81 11.30 ±  3 20 2239 ± 35 7 84 t  0 04 0  1 2 0 6 1 41 8
0 6 0 4 682 ± 96 17.18 ±  1 .50 2219 ± 55 7 93 ^ 0 4 1 0 1 136 1 4 1 2
0 . 7 6 8 589 ±  22 18 10 ± 2 2 0 1878 ± 69 750 ± 0 1 4 0 . 0 8 6 2 0 .9 6 9
0  8 4 0 .590 ± 80 16.90 ± 1 40 2140  ± 46 7 88  ± 0 30 0  1 108 1 227
I 0 6 0 582 ± 24 15 40  ±  1 40 2096 ± 34 7 02 ± 0 40 0  1066 1 1 2 2
1 .2 8 4 625 ± 101 9 .80  ± 2 80 2041 ± 48 7 40  ± 0 50 0 1013 1 125
1 5 9 0 738  ± 110 8 40  ± 1 70 2037 ± 64 6  48 ± 0 87 0  1009 1 051
1 0 0 761 ± 128 8 60  ± 0 90 2085 ± 80 6  62 ± 0  17 0 1055 1,048
4 OOO 727 ± 93 8 08 ± 1.80 2166  1  68 6,49  ± 0  61 0  1 140 1 104
5 8 2 0 643 ± 81 7 .70  ± 1 56 2126 ± 55 6  51 ± 0  22 0  1095 1 06 9
1 0 .6 5 0 689  ± 12 8 12 ± 0 30 2184  ± 72 6  53 ± 0 40 0  1151 1 262
15 180 536 ± 24 7 46  ± 1 60 2281 ± 31 6  64 ± 0 21 0 1247 1 242
3 0 . 2 8 0 501 ±  12 7.82 ± 0 93 2235 ± 25 6  50 ± 0 43 0  1 2 0 2 1 175
-1. Results and discussion
Hie Iesulis of the analysis of j3~ -Irradiated PMMA lifetime 
'’Pccira arc listed in Tabic 1. Figures I (a) and 1 (b) represent the 
" I’s hletime and the corresponding intensity, whereas Figures 
-t‘‘l tind 2(b) show T2 and 7^  as a function of the absorbed 
re.spectively. In Figures 3(a) and 3(b), the values of and 
1^, arc ploiicd versus p~ -doses, respectively.
hi oin Tabic 1, it is shown that the first p~ -dose of 0.075 kGy 
'nduees a high change in t j , where an increment of 19.2%
takes place.
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a n d  i t  re m a in s  a l  th a t  v a lu e  u p to  p ~  -d o s e  o f  0 .5 0 4  k G y . A t  th a t  
d o s e , in c re a s e s  a b o u t 1 6 .2 % , c o rre s p o n d in g  to  3 3 .2 %  an d  
2 8 .2 9 %  in c re m e n ts  in  a n d r e s p e c t i v e l y .  F o r  the dose  ra n g e  
fro m  1.0 6  k G y  to  3 .1 0  k G y , o n ly  s m a ll changes o f  8%  in T 3 occur, 
c o rre s p o n d in g  to  \ 5 %  an d  I %  c h an g e s  in  a n d /^ , re s p e c tiv e ly . 
A n o th e r  in c re m e n t in  o f  1 8 .4 9 %  o c cu rs  at / 3“ -d o s e  o f  1 5 .1 8  
k G y , c o rre s p o n d in g  to  3 7 .7 %  in c re m e n t in  an d  12 %  in c re m e n t  
i n / , ,
A l th o u g h  th e  f ir s t  /3 “ -d o s e  is s m a ll ,  it  in d u c e s  a s h a rp  
in c re m e n t  in  r , , as s h o w n  in  F ig u re  1(a ) .  S u c h  a ri.se c o u ld  n o t  
be e x p la in e d  o n  th e  bases o f  the c h a in  sc iss io n  o n ly , b e cau se  o f  
th e  e x p e c te d  s m a ll c h a n g e s  in  M   ^ ( 1 9 ) ,
w h e re  — -  =  1 .8 4 4  x  1 ( ) ' “ D ( G v )  +  9 .7 3 8  x  10 '' (3 )
fo r  the v a lu e s  g iv e n  in  R e f .  ( 1 9 )
a n d  ’  = 1 . 5 5 0 4 x 1 0  ' ” £ > (C v )  + 3 . 8 0 3 x U r ' '  (4 )
fo r  the v a lu e s  g iv e n  in  re fe re n c e  ( 1 7 )
F o rm u la e  ( 3 )  a n d  ( 4 )  a rc  d e d u c e d  fro m  th e  fo r m u la  ( 2 0 ) :
I
(5 )
w h e re  M   ^ is the n u m b e r-a v e ra g e  m o le c u la i' w e ig h t o f  the p o ly m e r,  
i 2  an d  A q a re  e m p ir ic a l  c o n s ta n ts .
F u r th e rm o re , a p p ly in g  th e  fo r m u la  ( 2 1 ) :
1 I
r ,  =
A 3 k y + Q M ^ - \ - K { X \ (6 )
D ose  T3 (ps)
(kG y)
Mk\X\ ( f ro m  \/k[X\ ( f rom
eq (6 ) (ps)  cq. (7) (p.s)
0 7 6 8
0 8 4 0  
1 .0 6 0
1 2 84  
4 0 0 0
1 8 7 8
2 1 4 0
2 0 9 6
2 0 4 1
2 1 6 6
LS 180 2 2 8 1
30  2 8 0  22.35
9 0 6 2
1 9 3 9 2
1 3 1 0 9
9 6 4 8
5 2 0 2
3 0 8 9
2 5 8 2
9 2 0 6  
2 0 4 5 5  
1 4 1 1 4  
1 0 5 3 8  
7 2 2 9  
5 6 2 2  
4 9 1 1
c h e m ic a l  e f fe c t  ra te  K [ X ]  a p p r o x im a te ly .  T a b le  2 gives ih 
c a lc u la te d  v a lu e s . In  F ig u r e  4  th e s e  v a lu e s  a re  p lo tted  versu 
th e  a b s o rb e d  /J “ -d o s e s .
A ls o  th e  f re e  ra d ic a l 's  c o n tr ib u t io n  in  su c h  a sm all dose 
n o t h ig h  e n o u g h  to  in d u c e  s u c h  a c h a n g e  in  T 3 . Thcrefoic 
su ch  an  in c re m e n t  in  T 3 c o u ld  b e  d u e  to  th e  su dden  rupture ui 
P M M A  c h a in  as a  re s u lt  o f  p~ - ra y s  ir r a d ia t io n  w ith  a close oi
0 .0 7 5  k G y . W h e n  th is  h a p p e n s , th e re  w i l l  b e  cra cks , where i 
h ig h  fra c t io n  o f  Ps a to m s  a re  tra p p e d  in . T h is  causes an mcremem 
in  th e  fre e  v o lu m e  an d  th u s  in c re a s e s . F ro m  higher /j  
doses  th e  c h a n g e s  in  T 3 a re  as e x p e c te d  d u e  to  redu c ing  M
U s in g  fo rm u la e  ( 3 )  an d  ( 4 ) ,  an d  f it t in g  T 3 va lu e s  (Table 1) in 
th e  fo r m u la  ( 5 ) ,  th e  fo l lo w in g  e m p ir ic a l fo rm u la e  c o u ld  he lound 
fo r  p ^  -d o s e  ra n g e  fro m  0  to  0 .5 0 4  k G y  :
T ,  =
- 1 . 3 8 0 x 1 0 ' *  + 4 . 8 4 8  X 1 0 " " ’ M ..-10
- ( P s ) ,
(71
T ,  =
 ^ 2 . 2 4 5 x 1 0  “ + 9 . 9 1 1 x 1 0
- r ^ - - - ( P s ) .
M
w h e re  A 3 is p ro p o r t io n a l to  th e  o -P s  p ic k  o f f  a n n ih ila t io n  ra te  at 
|X ]  =  0 , K \ X \  IS th e  c h e m ic a l e f ie c t  ra le , \ X]  is th e  c o n c e n tra t io n  
o f  s o m e  c h e m ic a l s p e c ie s , o n e  c a n  g e l th e  c o n tr ib u t io n  o f  th e
T a b ic  2. \/k [XJ v a lu e s  as c a lc u la te d  u s in g  fo rm u lae  (6 ) and  (7)  and 
form ulae  (3) and (4)
T h e  b e h a v io r  o f  r  , in d ic a te s  th e  h ig h  fre e  rad ica ls  lorm.uion 
p ro b a b il ity  fo r  th e  d o s e  ra n g e  fro m  0 .8 4 0  k G y  to  3.1 kG y, w Iu-k 
T  ^ s h o w s  a c o n s ta n t b e h a v io u r , as s h o w n  in  F ig u re  I (a ) l ion.  
(A : |X ] ) ' '  v a lu e s  g iv e n  in  T a b le  2  su ch  a p h e n o m e n o n  could k  
e x p la in e d . T h e  c h a n g e s  in  th e  k \ X \  v a lu e s  are  v e ry  e llic ic m  
th a t d o s e  in te rv a l s p e c i f ic a lly ,  in d ic a t in g  th a t th e  lo n n a iio n  and 
th e  r e a c t iv ity  o f  the f re e  ra d ic a ls  a re  h ig h e r  in  such a w a >  thai 
th e  re d u c tio n  in  T 3 d u e  to  th e  o -P s  l i f e t im e  q u e n c h in g  (duL in 
th e  p re s e n c e  o f  th e  fre e  r a d ic a ls )  is o f  th e  s a m e order (d i Ik 
in c re m e n t  in  T 3 d u e  to  th e  re d u c t io n  in  A l  a dose ol 5 S? 
k G y , T ,  s h o w s  s o m e  r e c o v e r y  o f  its  h ig h  v a lu e s , siiel i  an 
in c re m e n t is in  an  a g re e m e n t w ith  th e  c h a n g e s  in  ( k [ X \ Y ' valuer 
g iv e n  in  T a b le  2 .
T h e  o -P s  in h ib it io n  is v e ry  c le a r  f ro m  th e  redu ction  in /, 
v a lu e s , as o b s e rv e d  in  F ig u r e  1(b ) .  T l ie  c h a n g e  o f  7 , valuc.s also
F i g u r e  2 (a ) .  Be ta -ray  i r rad ia t ion  e f fec ts  on  l i fe tim e X2 in PMMA
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include the e ffe c ts  o f  th e  f re e  ra d ic a ls  w ith in  the  dose ran g e  
lYoin 0.84 k O y  to  4 .0  k G y , w h e re  th e  re d u c tio n  is o f  a h ig h e r rate  
i( sLiL'h doses . F r o m  f i t t in g  th e  v a lu e s  o f  to  th e  fo rm u la  
/  -  v a lu e s  o f  ta k e n  fro m
Table 2 obey  th e  fo l lo w in g  e m p ir ic a l f o r m u la :
-9 .725 k 10“ ’ D (G >)/ ,  = 8 . 1 3 2 e ” (9)
l in u r f  3(a). B c la - ra y  ir ra d ia t io n  e ffe c ts  on in  P M M A
m a x im u m  o f  7 6 1  ps, w h ic h  is 7 3 %  h ig h e r  th an  th e  in it ia l  T 2 
va lues  (4 8 3  ps). T h e  ten d en c y  o f  th e  sharp  decrease in the va lues  
o f /2 sh o w n  in F ig u re  2 (b )  asso c ia ted  w ith  the in c re m e n t o f  , 
is q u ite  o b v io u s  fo r  the j3~ -d o s e  o f  0 .0 7 5  k G y  and 1 .2 8 4  k G y . 
T h is  c o n firm s  that so m e tra n s itio n  m the p h y s ic a l system  occurs. 
S uch  a tran s itio n  Uikcs p la ce  m a y  be beausc o f  the la rg er life tim e  
o f  th e  free  p o s itro n s . I t  is im p o rta n t to  p o in t  o u t th at ir ra d ia tio n  
in  a ir  is su b je c tin g  the ir ra d ia te d  sa m p les  to the o x y g e n  w h ic h  
a c tiv e ly  reacts  w ith  the fre e  ra d ic a ls  c re a ted  o u t o f  the P M M A  
su rface  p ro d u c in g  a p e ro x id e  ra d ic a ls  w h ic h  cause d if fe re n t  
p o ly m e r  s tru c tu ra l ch anges (1 5 )  an d  hence a ffe c t the va lues o f  
T , ,  . I t  w as fo u n d  b e fo re  ( 1 5 )  lh a i in  v a c u u m  these
pa ra m e te rs  h a v e  d if fe re n t  va lu e s , th e y  h a v e  la rg e r  va lues in  
v a c u u m  becau se in case no a ir  p resen t, no p e ro x y  type ra d ica ls  
th ere , hence the  d e g ra d a tio n  rate  is less in  v a c u u m  than  in air.
hnvirt- 2 (b ). B c la - ra y  ir ra d ia t io n  e ffe c ts  on / ,  in  P M M A .
A n o t h e r  e v id e n c e  o f  th e  e f f ic ie n t  free  rad ica ls  fo rm a tio n  rate  
IS iliL in a c a s in g  v a lu e s  o f  as s h o w n  in  F ig u re  2 (a ) ,  w h e re  its 
\hmcs increase fro m  4 3 8  ps to  6 7 8  ps fo r  the firs t fj  -dose. T h e  
iiiRsbokl D o s e  ( T D )  is 3 .1  k G y , in  th is  ca.se, T ,  reaches a
F iR U re  4. The ( K (X ) )  ‘ va lues ( in  ps) lo r  b e ra - ii ia d ia lc d  P M M A  v e r s u s  
dose
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